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Abstract 
The purpose of this research is to empirically test the prevailing view that transit oriented development enhances 
the use of more sustainable modes of transport using Brisbane, Australia as a case. Transit oriented development 
has been adopted as a new policy tool to reduce car-based travel worldwide. Despite being a billion dollar 
investment, the impacts of transit oriented development on promoting sustainable travel behavior is not 
conclusive. The research uses a case-control approach to empirically investigate this relationship based on travel 
behavior data collected from 88 individuals living in two contrasting neighborhoods in Brisbane: Kelvin Grove 
Urban Village – a transit oriented development, and Annerley – a traditional suburb (non-transit oriented 
development). A comparative investigation of travel behavior was subsequently conducted using distance 
travelled by modes and purposes between the neighborhoods. Results show that the availability of opportunity 
and services located within the transit oriented development reduces the car use by 5% and increases the use of 
active transport by 4%. The findings in this research support the implementation of TOD policies in Brisbane. 
Keywords: transit oriented development, mode choice, sustainable travel behavior 
1. Introduction 
This research empirically investigates the prevailing views that transit oriented development (TOD) reduces 
car-based travel and enhances the use of more sustainable modes of transport (e.g. public transport, walking, and 
cycling) using Brisbane, Australia as a case. TODs are a relatively recent neighborhood planning/design concept 
(Rohe, 2009); and are characterized by: a) moderate to high residential and/or employment density; b) diverse 
land use patterns (e.g. mix of residential, commercial, recreational, industrial, institutional facilities); c) well 
connected street networks (e.g. grid or semi-grid street systems with pedestrian amenities as opposed to 
cul-de-sacs); and d) centered on a high frequency public transport stop/station (e.g. 400-800 meters from bus, 
train stations) (Cervero and Gorham, 1995; Lund, 2006; Kamruzzaman et al., 2014a). The concept of TOD has 
originated with other related concepts such as traditional neighborhood design, neo-traditional neighborhood 
design, mixed-use urban centers, transit adjacent development (TAD), and pedestrian pockets. They all perhaps 
represent the same neighborhood planning concept (Ryan and McNally, 1995). The underlying construct is that 
they all foster a compact development policy. The only difference between a TOD and the other related concepts 
is that a TOD is built around and within easy walking distances of a major transit stop (Bertolini et al., 2009; 
Renne, 2009; Rohe, 2009).  
Over the years, a number of neighborhood planning concepts (e.g. garden city concept, urban renewal, 
community action program, suburban development, planned unit development) have been practiced and 
progressed in different contexts. TOD is one of the most recent in this list, and has emerged not only by 
incorporating the beneficial elements associated with the previous concepts, but also as a response to the 
perceived shortcomings of others (Rohe, 2009). Such shortcomings, for example, include: the failure to promote 
social equity in design (e.g. different types of housing units for different groups), and the encouragement of car 
based trips for daily activities and thereby reduced health outcomes (e.g. childhood obesity), increased transport 
related social exclusion, and increased economic and environmental externalities (e.g. congestion, greenhouse 
gas emissions). As a result, TODs are now associated with three major movements in planning: sustainable 
development, smart growth, and new urbanism (Yang, 2008). 
Despite the perception that TOD reduces the weaknesses associated with other neighborhood planning 
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approaches, international research findings on its success is not conclusive (Howley et al., 2009). Shyr et al. 
(2010) have analyzed public transport usages of 71 cities worldwide where TODs have been implemented. They 
identified that cities with high population density, higher number of stations, lower cost of living, and lower fare 
in public transport services were successful. Table 1 shows the most successful and unsuccessful cities in the 
world. Other studies have reported the impact of TODs for a particular city. For example, Brown and Werner 
(2007) found that TODs increased passenger number from 50% to 68.75% in Utah. On the other hand, 
unsuccessful TOD cases can be found even within a highly transit oriented society like Hong Kong (Loo et al., 
2010). Therefore, the success of TODs is mixed in the literature and varies between contexts. 
 
Table 1. Successful and unsuccessful cities in the world in attracting the use of public transport after the 
implement of TOD (Shyr et al., 2010) 
 Australia Asia Europe America 
Successful cities Perth Osaka Moscow San Francisco 
 Sydney Bangkok Lisbon Atlanta 
  Guangshou Prague  
Unsuccessful cities Melbourne Nagoya Istanbul Los Angeles 
  Delhi Madrid Chicago 
  Shanghai Oslo Buenos Iris 
  Taipei   
  Kaoshiung   
 
In addition to reducing the car based travel, TODs have also been identified to have many other benefits 
associated with it including a better access to jobs (Cervero and Day, 2008; Olaru et al., 2011), enhanced 
physical activity levels due to walking and cycling (Brown and Werner, 2007), better return on property 
investment (Billings, 2011), and a higher level of neighborhood satisfaction of residents (Mitrany, 2005; Lund, 
2006; Lovejoy et al., 2010; Brown and Werner, 2011; Kamruzzaman et al., 2014b). In contrast, TODs are also 
associated with a number of undesirable features of a neighborhood e.g. higher level of crime (Bowes and 
Ihlanfeldt., 2001; Billings et al., 2011); deterioration of livability values due to increased density (Lin and Gau, 
2006); and negative effects on real estate prices (Atkinson-Palombo, 2010). 
The above findings have raised questions with respect to the effectiveness of TODs in terms of their influence in 
using more sustainable modes of transport as well as their attractiveness as a place to live (Ryan and McNally, 
1995; Couch and Karecha, 2006). Within the Australian context, where transit oriented policies are being 
implemented in most of the capital cities, it is, therefore, critical to understand the impacts that TODs would 
bring in this context before spending billions of dollars in developing TODs. As a result, the aim of this research 
is to investigate whether TODs enhance the use of public transport, walking and cycling in Brisbane. This paper 
is structured as: Section 2 reviews policy framework within which TODs are being implemented in Brisbane; the 
data and method used to reach the above objective are discussed in Section 3; Section 4 portrays the findings of 
this research. Section 5 discusses the findings in policy terms and concludes this research. 
2. Policy Reviews: TODs in Brisbane 
The adoption of TODs in Brisbane is influenced by a number of policy guidance in Queensland, Australia 
including the state level policy ‘Toward Q2: Tomorrow's Queensland’ (Queensland Government, 2008); and the 
regional level policy ‘South East Queensland Regional Plan 2009–2031’ (Queensland Government, 2009). The 
Queensland Government (2008) aims to develop the state as strong, green, smart, and healthy way. The 
government would like to reduce congestion and carbon emissions. The South East Queensland (SEQ) Regional 
Plan 2009-2031 provides specific policy guidelines to achieve the above goals (Queensland Government, 2009). 
One particular policy is to regulate development in a more compact way through TODs. The plan targets 
different types of transit nodes as potential sites for TODs. These nodes are classified as primary, principal 
regional, major regional, specialist, principal rural, and major rural depending on the types of functions and 
opportunities to be supported by the development. The Plan also outlines the following key principles to be 
applied in these TODs (Queensland Government, 2009, p.102): 
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 Land use mix (diversity): Provisioning and integration of a mix of uses to create a greater variety of 
services catering for the diverse needs of a vibrant community. This includes an appropriate mix of 
commercial and retail services, jobs, community infrastructure and open space relevant to the context of 
the surrounding area. 
 Land use density: Incorporation of higher density residential uses in transit oriented development 
precincts to increase vitality and provide more convenient access to services and transport. The 
following baseline density guidelines have been proposed: 
o activity centers: 40–120 dwellings per hectare (net) or greater 
o suburban and neighborhood locations: 30–80 dwellings per hectare (net) or greater 
o priority transit corridors: 40 dwellings per hectare (net) or greater. 
 Land use intensity: Incorporation of high-employment intensities and a mix of employment 
opportunities. 
 Design: Ensuring development features high-quality subtropical design that maximizes amenity, street 
activity and pedestrian connectivity. 
 Transport: Creation of an increased mode share for walking, cycling and public transport by providing 
high levels of accessibility and public amenity within precincts and to stations and surrounding areas for 
cyclists and pedestrians, with priority for pedestrians. 
The above built environmental indicators are, therefore, essential to identify TOD and non-TOD types of 
neighborhoods in Brisbane; and consequently, to investigate the differences in travel behavior of people living 
between these two types of areas. 
3. Data and method 
Figure 1 outlines the research methodology used to reach the objectives of this research. 
Figure 1. Schematic diagram of the research method 
 
3.1 Selection of Case Study Areas 
Spatial analyses were conducted to derive four built environmental indicators (e.g. net residential density, land 
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use diversity, public transport accessibility, and street connectivity) for each census collection district (CCD) in 
Brisbane. CCDs were the smallest administrative unit used to collect census data in Australia. The derivation 
methods of these indicators have been discussed elsewhere, and as a result, they are not discussed here 
(Kamruzzaman et al., 2013). Based on these indicators, two CCDs were selected: one located in Kelvin Grove 
suburb and the other located in Annerley suburb (Figure 2 and 3). The selected CCD in Kelvin Grove is better 
known as Kelvin Grove Urban Village (KGUV) which possesses the character of a TOD whereas the selected 
CCD in Annerley is more like a conventional low-density neighborhood. For example, an independent sample t 
test results show that the net residential density of KGUV (40.11 units/hectare) is significantly higher than that of 
in Annerley (16.60 units/hectare). Similarly, the land use diversity of KGUV is also significantly higher (0.54) 
than that of in Annerley (0.01) (see also Figure 3). Figure 2 shows that both suburbs (Kelvin Grove and Annerley) 
are located close to the central business district (CBD) of Brisbane. On-site observation also reveals that public 
transport services are rarely available in the selected CCD in Annerley. Referring back to the criteria (density, 
land use diversity, and public transport accessibility) for a TOD as discussed in Section 1 and also policies 
related to TODs in Queensland (see, Section 2), KGUV clearly possesses the character of a TOD. This finding 
was found to be consistent with the local policy documents (Queensland Government, 2010, p.4): 
“Kelvin Grove Urban Village, Brisbane – demonstrates the application of a number of transit 
oriented development principles. The village comprises a mix of uses, provides a high-quality 
public domain and access to public transport.” 
 
Figure 2. Location of case study areas in wider geographic context in Brisbane 
 
Therefore, the nature of the selected case study areas provided an opportunity for a case-control study in which 
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KGUV can be considered as a case whereas Annerley can be considered as a control. In a case control study, 
behavior of individuals who possess a specific character (e.g. living in TODs in this research - cases) is 
compared with a group of individuals who do not have that character (control) (Haroutune, 2009). Therefore, 
people living in KGUV are cases whereas people living in Annerley are control for this research. As a result, the 
travel behavior of people living in KGUV (case) was compared against those living in Annerley (control) in 
order to understand the extent to which a TOD fosters sustainable travel behavior. 
 
Figure 3. Land use of selected census collection districts (CCDs) in Kelvin Grove and Annerley 
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3.2 Data 
Data were collected through a questionnaire survey in this research. The survey was conducted in September 
2011. Ethical clearance of the survey was obtained from the Human Research Ethics Committee at Queensland 
University of Technology (approval no 1100000873). The delivered to respondents and mailed back survey 
method was utilized to collect data. A postage paid return envelope was also provided together with the 
questionnaire. About 200 questionnaires were distributed to households in each case study area (total 400 in both 
areas) and a total of 88 questionnaires were returned (average response rate 22%). Note that the average number 
of dwellings located within an urban CCD is 220 in Australia. Therefore, the sampling population included all 
households in the case study areas. 
The questionnaire contained a total of 15 questions including 6 questions related to respondents’ 
socio-demographic characteristics (e.g. age, gender, car-ownership, income, home ownership status, and country 
of birth) (Table 2). Respondents were also asked to indicated how far they travel to participate in their daily 
activities (e.g. work, recreation, shopping, education, and health services) and what types of transport modes (e.g. 
car/taxi, walk/cycle, public transport) they used in order to undertake these activities. These variables were then 
used to calculate a mode specific travel distances of all types of activities. Table 2 shows the socio-economic 
status of the respondents in each area. It illustrates that despite minor variations, the two samples are quite 
closely matched with respect to gender, age, home-ownership and income, and to a lesser extent with respect to 
occupation, and car-ownership. Therefore, it was expected that any differences in travel behavior that might exist 
are likely to be explained by differences in the urban form characteristics (e.g. between non-TOD and TOD). 
These similarities in socio-demographics and dissimilarities in TOD character support the notion of a 
case-control study as discussed earlier.  
 
Table 2. Socio-demographic profile of the respondents participated in the survey 
Socio-demographics Kelvin Grove Urban Village Annerley 
 Frequency % Frequency % 
Gender     
  Male 18 36.7% 18 46.2%
  Female 31 63.3% 21 53.8%
Age group     
  Young (<= 60 years) 37 75.5% 31 79.5%
  Older (> 60 years) 12 24.5% 8 20.5%
Car ownership     
  Yes 44 89.8% 36 92.3%
  No 5 10.2% 3 7.7% 
Income     
  Below $500 per week 9 20.0% 6 16.2%
  $500-$1000 per week 13 28.9% 12 32.4%
  $1000-$1500 per week 11 24.4% 7 18.9%
  More than $1500 per week 12 26.7% 12 32.4%
Home ownership     
  Owner 31 63.3% 29 74.4%
  Rented 18 36.7% 7 17.9%
  Other 0 .0% 3 7.7% 
Country of birth     
  Australia 37 75.5% 32 82.1%
  Other 12 24.5% 7 17.9%
N 49  39  
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4. Results 
Table 3 shows mode specific average travel distances of people living between the areas. On average, the total 
distance travelled by people living in KGUV is significantly shorter (14.57km) than those living in Annerley 
(18.76km). This overall difference is, however, a result of mode specific differences. People living in Annerley 
travelled longer distances using the car. On average an individual travelled 11.12 km in a day using the car in 
KGUV whereas this was found to be 14.67 km in Annerley. Similarly, bus travelled distances were 1.59km and 
2.45km in KGUV and Annerley respectively. These longer travel distances for people living in Annerley clearly 
reflect that they lack opportunities and services close by as shown in Figure 2d. Probably for this reason, people 
living in Annerley were reluctant to use the active transport when compared to people living in KGUV (Table 3). 
 
Table 3. Average distance travelled by mode for different activities in a day 
Transport mode Kelvin Grove Urban Village (KGUV) Annerley 
 Distance (km) % of total distance Distance (km) % of total distance
Car (including taxi) 11.12 71.41 14.67 76.39 
Public transport (bus and train) 1.59 14.16 2.45 13.52 
Active transport (walking and cycling) 1.86 14.42 1.64 10.09 
All modes 14.57 100.00 18.76 100.00 
 
Table 3 also shows that the car was used to travel around 71.41% of total travel distances in Kelvin Grove 
whereas this was found to be significantly higher in Annerley (76.39%). On the other hand, walking and cycling 
comprised of 14.42% of the total distances travelled in KGUV. This was much lower in Annerley (10%). 
Surprisingly, only a little behavioral difference was found to exist in terms of public transport usage between the 
areas. People living in Kelvin Grove travelled 14.16% of their total distances using the public transport whereas 
people living in Annerley travelled 13.52% of their total distances using this mode of transport. 
 
Table 4. Distribution of travel distances to different activities in the case study areas 
Destinations Distance travelled Kelvin Grove Urban Village Annerley 
Frequency Column N % Frequency Column N %
Travel distance to work Less than 1 km 5 10.9% 2 5.3%
One to two km 9 19.6% 2 5.3%
Two to five km 17 37.0% 8 21.1%
More than 5 km 15 32.6% 26 68.4%
Travel distance to health 
services 
Less than 1 km 6 12.2% 13 33.3%
One to two km 28 57.1% 10 25.6%
Two to five km 10 20.4% 11 28.2%
More than 5 km 5 10.2% 5 12.8%
Travel distance to 
education 
Less than 1 km 13 36.1% 9 28.1%
One to two km 14 38.9% 7 21.9%
Two to five km 5 13.9% 5 15.6%
More than 5 km 4 11.1% 11 34.4%
Travel distance to 
recreation 
Less than 1 km 16 32.7% 12 32.4%
One to two km 14 28.6% 7 18.9%
Two to five km 14 28.6% 9 24.3%
More than 5 km 5 10.2% 9 24.3%
Travel distance to food 
shopping 
Less than 1 km 19 38.8% 14 35.9%
One to two km 23 46.9% 14 35.9%
Two to five km 6 12.2% 11 28.2%
More than 5 km 1 2.0% 0 .0%
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The reason for longer travel distances of people living in Annerley was further investigated in this research. 
Table 4 shows that most people living in Annerley made the longest distance trip for almost all purposes except 
food shopping. Only 33% people in KGUV travelled more than 5 km for work whereas this was found to be 68% 
in Annerley. About 11% people travelled more than 5 km for education in Kelvin Grove compared to 34% in 
Annerley. Similarly, only 10% people travelled more than 5 km for recreation in Kelvin Grove. This was found 
to be 24% in Annerley. 
In contrast, most activities were undertaken within a 2 km distance from respondents’ home location in KGUV. 
Table 5 shows that more than 30% individuals travelled 2 km or less in Kelvin Grove for the purpose of work 
compared to only 10% in Annerley. Despite no individual travelled more than 5 km for food shopping in 
Annerley, Table 4 shows that only 71% of them travelled 2 km or less for food shopping whereas this was found 
to be 86% in KGUV. 
All these findings clearly reflect the impacts of TOD type of neighborhoods on people’s activity-travel behavior 
in Brisbane. 
5. Discussion and Conclusion 
This research aims to investigate the impacts of TODs on travel behavior of people living in Brisbane. Two case 
study areas were selected to achieve the research objective. The cases were carefully selected so that they meet 
the requirements for a case-control study. In this research, Kelvin Grove Urban Village was used as a TOD case 
and Annerley as a non-TOD control. The adopted case-control study helps to disentangle the sole influence of a 
TOD on travel behavior. Based on the analysis provided in this research, a clear impact of TOD style 
neighborhood planning on sustainable mode choice behavior was identified. The results show that non-TOD type 
of neighborhood influences people to use the car more due to a lack of opportunities and services within the 
neighborhood. On the other hand, TOD style neighborhood reduces the car use. Even though some of them 
needed to use the car, their travel distances were shorter. Consequently, their overall levels of carbon emissions 
were lower – i.e. TOD contributes to environmental sustainability (Transportation Research Board, 2001; Lin 
and Gau, 2006; Loo et al., 2010). Moreover, TOD also influenced people to walk more and thereby enhanced 
physical activity level and consequently contributed to maintain good health. Such physically fitness means more 
economic productivity and also a reduction in medical costs (Brown and Werner, 2007).  
Despite the above identified positive aspects of TODs, the influence of TOD on public transport usage is not 
conclusive in this research. Only a minor difference was found to exist between the areas. As a result, future 
research should seek to incorporate a higher number of cases and controls to robustly conclude on this topic. In 
addition, only descriptive statistics were provided in this research. It is not possible to conclude whether the 
differences reported here are significant or not. It may be possible that the differences are mainly due to 
socio-economic differences between the areas and not necessarily due to TOD or non-TOD character. Further 
analysis is required that takes into account both TOD/non-TOD character and socio-demographics of people 
together in investigating the differences. Despite the existence of these weaknesses, the findings reported in this 
research are well supported by the literature; and TOD was found to be a supportive means to promote 
sustainable travel behavior in Brisbane. 
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